We investigate the lepton flavor violation decays of vector mesons in the scenario of the unparticle physics by considering the constraint from µ − e conversion. In unparticle physics, the predictions of LFV decays of vector mesons depend strongly on the scale dimension d U . The predictions of LFV decays of vector mesons can reach the detective sensitivity in experiment in region of 3 ≤ d U ≤ 4, while the prediction of µ − e conversion rate can meet the experimental upper limit. For the searching of the lepton flavor violation processes of charged lepton sector in experiment, the process Υ → eµ may be a promising one to be observed.
Introduction
During the last decades, searching for Lepton Flavor Violation (LFV) processes in charged lepton sector, as an evidence to discover new physics beyond the Standard Model (SM), have attracted a great deal of attention. Although nonzero neutrino masses supported by the neutrino oscillation experiments 1,2,3 imply the nonconservation of lepton flavor, due to the small masses of neutrinos, the lepton flavor violating processes in the SM are highly suppressed. Nevertheless, the LFV decays could be enhanced by the new sources of LFV in various extensions of the SM, such as grand unified models, 4,5,6 supersymmetric models with and without Rparity, 7,8,9 left-right symmetry models etc. 10, 11, 12 These new sources are mainly originated from the interactions between the SM particles and new particles beyond SM. Instead, Georgi proposes an alternative scenario that there could be a sector that is exactly scale invariant and very weakly interacting with the sectors in SM. 13, 14 There are no particles in such a sector in space-times spaces cause no particles states with a nonzero mass exist. In general, the scale invariant sector or the so-called unparticle has a scale dimension of fractional number rather than an integral number. The interactions between the unparticle and the SM particles in low energy effective theory can lead to various interesting features in LFV processes and other phenomenologies. In unparticle physics, the unparticle can interact with different flavors of SM leptons and this indicates that the LFV processes can happen at tree level. There have been many studies of LFV processes in unparticle physics. Such as, µ → 3e, 15,16 µ → eγ, 17 µ − e conversion, 17 In this paper, we investigate the LFV decays of vector mesons in unparticle physics by the consideration of constraint on µ − e conversion. In Section.2, we firstly provide a brief introduction to the unparticle physics and corresponding interaction Lagrangian in effective field theory. Then we derive the analytic results of the amplitude in detail. The numerical analysis and discussion are presented in Section.3, and the conclusion is drawn in Section.4.
Formalism
In very high energy, as it is proposed by Georgi, 13,14 the theory is composed of the SM fields and the fields of a theory with a nontrivial IR fixed point, which is called Banks-Zaks (BZ) fields. 29 The two fields can interact by the exchange of particles with a large mass scale M U ≫ 1T eV . Below the scale M U , there are nonrenormalizable couplings involving both standard model fields and Banks-Zaks fields suppressed by powers of M U . The interaction between SM field and BZ field has the form: 1
where O SM is an operator with a mass dimension d SM corresponding to SM fields and O BZ is an operator with a mass dimension d BZ corresponding to BZ fields. In effective field theory, below the scale Λ U , the BZ operators would match onto the unparticle operators, and Eq. (1) can be viewed as the interaction between SM field and unparticle field:
where C U is a coefficient function, d U denotes the scaling dimension of the unparticle operator O U . For simplicity, it is convenient to define:
Then, in effective theory, the couplings of the scalar and vector unparticles to SM fermions (leptons or quarks) are generally given by the following effective operators:
where λ S,P,V,A f f ′ are dimensionless coefficients. S, P, V and A stand for scalar field, pseudo-scalar field, vector field and axial vector field, respectively.f and f ′ denote SM fermions, O U and O µ U denote scalar and vector unparticle fields. The propagator of scalar unparticle field has the form 14,30 :
If the vector unparticle field is assumed to be transverse, the propagator can been written as:
where A dU is defined by:
For vector mesons, only the vector currentf γ µ f ′ couples to vector mesons. The tree level Feynman diagram is presented in Fig.1 . The amplitude for Fig.1 can be written as:
In the quark picture, mesons are composed of a quark and an antiquark. We adopt a phenomenological model where the amplitude of hard process involving a s-wave meson can be described by the matrix elements of gauge-invariant nonlocal operators, which are sandwiched between the vacuum and the meson states. The distribution amplitude of vector meson Υ in leading-order is defined through the correlation function 31,32,33 :
where Nc is the number of colors, ε is the polarization vector, f Υ and f T Υ are the decay constants, φ and φ ⊥ are the leading-twist distribution functions corresponding to the longitudinally and transversely polarized meson, respectively. Since the leading-twist light-cone distribution amplitudes of meson are close to their asymptotic form, 34 so we set φ = φ ⊥ = φ(u) = 6u(1 − u).
Then, at hadron level, using Eq.(9), the amplitude is rewritten as
In the frame of center of mass, using the summation formula
we get
Finally,we express the branching ratio of process Υ → eµ as
where Γ Υ is the total decay width. The branching ratios for other LFV processes of vector mesons can be formulated in a similar way.
Numerical Analysis
Taking account of the constraint on the LFV processes µ → eγ and µ − e conversion in nuclei, we will study the LFV decay of Υ → eµ in unparticle physics firstly. Under the assumption of the unparticle couplings with the SM fermions in Eq. (4) are universal:
where κ > 1 and K = S, P, V, A for scalar, pseudoscalar, vector and axial vector couplings respectively, the authors of Ref. 17 have investigated the LFV processes µ → eγ and µ−e conversion in various nuclei in region of 1 < d U < 2, 1TeV < Λ U < 100TeV. It displays the constraint on dimension d U deduced from experimental bound on µ − e conversion is more stringent. Therefore, we will study the LFV decays of vector mesons by a consideration of µ − e conversion in unparticle physics.
The formula for the µ − e conversion rate with the pure vector coupling between SM fermions and unparticle is given by:
where Z and N denote the proton and neutron numbers in a nucleus, F p is the nuclear form factor and Z ef f is an effective atomic charge, G 
As we can see from Fig.2 , the predictions of both BR(Υ → eµ) and CR(µ − e, T i) depend strongly on the scaling dimension d U . The value of dimension d U is constrained to near 2 or more larger and the relevant prediction of BR(Υ → eµ) is highly suppressed to reach the experimental sensitivity.
There is an interesting feature in Fig.2 that the prediction of BR(Υ → eµ) is less than CR(µ − e, T i) in region of 1 ≤ d U ≤ 3, however, in region of 3 ≤ d U ≤ 4, the prediction of BR(Υ → eµ) is larger than CR(µ − e, T i). Considering 
where X would be any vector mesons:ρ, ω, φ, J/Ψ or Υ. From Eq. (12), Eq. (13) and Eq. (15), we can see that coefficient λ V V eµ and mass scale Λ U can be canceled out in R(X). As for the unparticle couplings with the quarks are universal, i.e.,
the couplings listed in Eq. (18) would also be canceled out in R(X) due to the same value setting in both numerator and denominator in Eq. (17) . Therefore, R(X) would only be a function of scaling dimension d U . Using Eq. (12), Eq. (13) and Eq. (15), the relation between R(X) and d U can be shown in a simple form:
where mX mµ > 1 for different mesons. It is noteworthy that even if the unparticle couplings with the SM fermions are not universal, i.e., Eq. (18) is not feasible, the relation between R(X) and d U in Eq. (19) is still reliable. In Fig.3 , we display the fraction R(X) varies as a function of d U in region of 3 ≤ d U ≤ 4, where, from the bottom up, the lines stand for R(ρ),R(ω),R(φ),R(J/Ψ) and R(Υ), respectively. The parameters relevant to different mesons are listed below 36,37,38 :
It displays in Fig.3 that R(X) increases as d U grows. For light flavor mesons, the fraction R(X) is very small. However, for heavy flavor mesons, the fraction R(X) is large and we can get a large BR(X → eµ) to be detectable in experiment and compatible with the constraint on µ − e conversion.
From Eq. (17) we can express the branching ratio of X → eµ as:
Using Eq. (20), we give the predictions on branching ratios of LFV decays of vector mesons in Tab Finally, the predictions of LFV decays of vector mesons in both our article and Ref. 26, 27, 28 greatly depend on the experimental constraints on BR(l i → l j γ), BR(l i → 3l j ) and CR(µ − e). Thus, more reliable predictions on LFV decays of vector mesons depend on the new data from the experiment. In the future, the expected sensitivities for BR (µ → eγ) would be of order 10 −13 . 42 For BR (τ → eγ) and BR (τ → µγ), it would be 10 −9 . 43 For CR (µ − e, T i), it would be as low as 10 −16 ∼ 10 −17 . 44 Then, the predictions of BR(X → eµ) for vector mesons would be more stringent.
Conclusions
Considering the constraint on µ−e conversion, we analyze the LFV decays of vector mesons in the framework of unparticle physics. In the scenario of the unparticle physics, the predictions of branching ratios of LFV decays of vector mesons depend strongly on the scale dimension d U . Supposing the unparticle couplings with the SM fermions are universal, the predictions of the branching ratios of the LFV decays of vector mesons can reach the detective sensitivity in experiment in region of d U ≥ 3, while the prediction of µ − e conversion rate in Ti nucleus is compatible with the experimental upper limit. Although nonzero neutrino masses supported by the neutrino oscillation experiments imply the nonconservation of lepton flavors, it is very important to directly search the LFV processes of charged lepton sector in colliders running now. The LFV process Υ → eµ is very promising to be observed in experiment.
